Insect venom immunotherapy (VIT) can trigger hemophagocytic lymphohistiocytosis (HLH) and reactivate inflammation. The management of adverse reactions caused by VIT is a common problem in daily clinical practice [1] .
We report a case of HLH that occurred during the course of immunotherapy with wasp venom. A 49-year-old woman was prescribed VIT after experiencing an IgE-dependent anaphylactic reaction to a wasp sting (Mueller scale, grade 3). The reaction took the form of weakness, urticaria, and dyspnea. Intradermal testing (IDT) with Vespula species venom (0.1 µg/ mL = 5-6 mm), serum-specific IgE (sIgE) with wasp venom (4.22 IU/L), and IDT and sIgE with bee venom were negative (tryptase, 4.2 ng/mL). The medical history was remarkable only for mild hypertension and osteoporosis. There were no complications during ultrarush VIT (Pharmalgen wasp venom, Vespula species, Alk-Abello; cumulative dose, 111.1 µg) and after 2 maintenance doses (Alutard). The third maintenance dose was followed (after 24 hours) by bilateral impaired vision and temporary blindness. Ophthalmoscopy revealed multiple bilateral serous pigment epithelial detachments in the posterior poles involving the macular area. This observation was confirmed by optical coherence tomography (OCT). Local and systemic corticosteroid therapy was started and led to gradual improvement of anatomic features (partial resorption of subretinal fluid, as evidenced by OCT), followed by limited functional improvement. Serological tests did not show anticytomegalovirus IgM (anti-CMV IgM).
VIT was discontinued. After a month, the patient visited our clinic to make arrangements for further treatment of hymenoptera venom allergy. She reported headaches and a feeling of weakness. Physical examination revealed the following results: body temperature, 38ºC (fever had persisted for a few weeks); heart rate, 120 bpm; blood pressure, 100/80 mmHg; bilateral hydrothorax; hepatosplenomegaly; ascites; and peripheral edema. The neurological examination revealed no abnormalities. The patient was admitted to hospital immediately. Test results obtained during hospitalization revealed the following: anemia (hemoglobin, 7.2-9.6 g/ dL; erythrocytes, 2.6-3.59 10 6 /µL), trilineage cytopenia (thrombocytes, 40×10 3 /µL; leukocytes, 2×10 3 /µL), higher levels of inflammation markers (erythrocyte sedimentation rate, 130/h; C-reactive protein, 137.1-208.5 mg/L; D-dimers, 5.15 µg/mL; procalcitonin, 4.33-5.89 ng/mL; ferritin, 1610 ng/mL), and liver cell injury (total protein, 4.9 g/L; albumin, 2.6 g/L; alanine transaminase, 120 U/L; γ-glutamyltransferase, 100 U/L; cholesterol, 119 mg/dL; prothrombin ratio, 56%); hypertriglyceridemia, 450 mg/dL). The patient's symptoms were not related to bacterial or fungal infections; blood, urine, sputum, stool, and throat cultures tested for bacterial and fungal infections (Aspergillus, Candida, Cryptococcus), tuberculosis, and borreliosis were negative. Serological tests ruled out infection by human immunodeficiency virus, viral hepatitis B and C, and Epstein-Barr virus but evidenced CMV infection (CMV-DNA-positive; anti-CMV IgG, 91.1 AU/mL; anti-CMV IgM-negative). Immunodeficiency was not detected. Imaging procedures (chest x-ray, computed tomography [head, abdomen, and pelvis], transvaginal sonography) revealed no neoplasms. Screening for autoimmune diseases (connective tissue disease) was negative. We were not able to establish the etiology of the symptoms despite intensive investigation and diagnostic testing. Treatment included empiric antibiotic therapy (ceftriaxone, imipenem/cilastatin), blood transfusion, Figure. Histology and immunohistology of a postmortem bone marrow specimen. Numerous activated macrophages phagocytosing hematopoietic elements. Dispersed macrophages among bone marrow cells on the right (HE stain, magnification ×100) and confirmation of a CD68 + reaction by immunohistochemistry. Insert, upper left corner; immunohistochemical stain, magnification ×100. J Investig Allergol Clin Immunol 2019; Vol. 29(1): 46-83 © 2019 Esmon Publicidad albumin infusion, and electrolyte supplementation. Since the patient met the criteria for a diagnosis of HLH [2] , high doses of corticosteroids were administered, and treatment with etoposide was scheduled. Despite these efforts, the patient died of multiple organ dysfunction syndrome. Autopsy showed macrophage activation in bone marrow with hemophagocytosis ( Figure) . Morphological, histological, and immunostaining profiles were confirmed, revealing the characteristic hemophagocytosis typical of HLH.
HLH is a rare, potentially fatal disease that manifests with symptoms of infection caused by hyperactivation of the immune system and involves secondary hypercytokinemia, as well as proliferation of well-differentiated macrophages/ histiocytes and their greater phagocytic activity [2] . The mechanisms for deactivation of the process are impaired. Detection of hemophagocytosis in the bone marrow, liver, and spleen is pathognomonic for HLH.
We can distinguish 2 forms of HLH: primary and secondary. The former may have genetic origins; it manifests during the first 2 years of life in 70%-80% of cases. The latter occurs in adults and is typically induced by infection, as well as by autoimmune or neoplastic processes [3, 4] . To date, allergen immunotherapy has not been thought to trigger HLH.
Diagnosis of HLH is difficult, especially in adults, for several reasons. First, the disease is mostly observed in children. Second, the clinical picture and diagnostic criteria of HLH are nonspecific. Third, many other diseases have to be ruled out. And fourth, there is no gold standard confirmatory test (the recently available tests for soluble CD25 and the 51-Cr release assay are not available in many medical centers). As a result, the mean time from clinical suspicion to definitive diagnosis in adults, even in highly specialized centers, ranges from 1 to 27 days (mean, 5 days [21 in the present case]). This period may be longer in children (10-60 days [mean, 50 days]) [5] .
The patient we report was diagnosed with HLH during the course of wasp venom immunotherapy. The initial symptoms were visual disturbances and fever. Few reports have been published on ophthalmic abnormalities associated with HLH [6, 7] . The ocular features are nonspecific and may resemble those of leukemic or Purtscher retinopathy, acute posterior multifocal placoid pigment epitheliopathy, and Vogt-Koyanagi-Harada (VKH) disease. In the present case, HLH syndrome was preceded by multiple serous pigment epithelial detachments in the posterior poles of both eyes consistent with a VKH-like presentation. Since the retinal changes were bilateral and we did not identify any other causes for the ophthalmic findings, we are convinced they were uveal inflammatory reactions prodromal to development of HLH. The CMV infection detected during hospitalization does not seem to be a primary infection. Viewed in light of the patient's progress, it appears to be secondary in nature, that is, a reactivation of a latent infection in a critically ill patient. The coexisting viral infection seems to have affected prognosis [8] .
Finally, while HLH is associated with macrophage activation in bone marrow affected by hemophagocytosis and with morphological, histological, and immunostaining profiles revealing characteristic hemophagocytosis indicate HLH, the question in the present case is whether HLH is primary or secondary. The point is that many allegedly secondary HLH patients may actually have a latent genetic defect (eg, heterozygous defect, mutation resulting in partial protein expression) that can be triggered by factors disturbing immune homeostasis. There is a possibility that application of high doses of venom allergens in the course of VIT caused HLH in a predisposed individual. Ours is the first report on HLH occurring during allergen immunotherapy. The factors in favor of an association between the two in this particular case are potential triggering of HLH in a genetically predisposed adult after exposure to toxins or antigens, lack of other identifiable etiologic factors (another likely explanation of the occurrence of HLH), and a reasonable time relationship between the HLH event and its possible trigger. Still, despite the arguments presented, based on the WHO classification of drug-induced adverse events [9] , we decided to classify the link between VIT and the ensuing HLH as possible, instead of probable, as we are not in a position to confirm the effect of stopping and then resuming VIT on the occurrence and course of HLH.
Although primary HLH is rare in adults, recent reports suggest that late onset familial HLH occurs more frequently than previously believed.
Human serum albumin (HSA), a 67-kDa protein, accounts for 60% of the proteins in human plasma. It helps to maintain oncotic pressure and transport hormones and medications. HSA is used as substitution therapy in hypoproteinemia and as a vehicle in some vaccines.
Commercial HSA is obtained from human plasma using the Cohn method, with sterilization by pasteurization at about 60°C for 10 hours [1] . The procedure causes albumin to aggregate in polymers, thus creating macromolecules that may be antigenic.
A 51-year-old man with no previous history of drug allergy was diagnosed with metastatic colon adenocarcinoma. He was admitted for partial hepatectomy and received 3 platelet concentrates during the surgical intervention. Four days later, he received intravenous human albumin (Grifols SA). Immediately after an infusion of about 20 mL of this solution, he developed palmar and lingual pruritus and generalized erythematous-papular exanthema. Oxygen saturation was 93%, although he did not complain of dyspnea. He was treated with oxygen therapy, corticosteroids, and antihistamines and recovered in about 20 minutes. This was his first treatment with intravenous albumin in our hospital, although the patient had previously been treated in another hospital, where he underwent other surgical procedures (appendectomy and ventral midline hernioplasty).
Twelve hours after the reaction, serum tryptase was within normal values (2.61 µg/L). Unfortunately, no blood sample was obtained before that time.
Specific IgE to animal albumins (bovine seralbumin, ovalbumin, pig seralbumin, and α-lactalbumin) and skin prick tests (SPTs) with latex, lactalbumin, ovalbumin, and meats (chicken, pork, and veal) all yielded negative results.
SPTs and intradermal tests (IDTs) with purified human albumin (Grifols, CLS Behring, and Roxall Group) were positive at a 1/10 dilution for the Grifols and Roxall products and a 1/100 dilution for the Behring product.
SPTs and IDTs were subsequently performed with the 3 albumins in 5 healthy controls and yielded negative results. Basophil activation tests (BATs) with pure and 1/10 diluted
